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Deficiency of vitamins, protein, energy, or  minerals, in the 
diet of man or animals may result in decreased health and 
vigor or in certain diseases. Vitamins are organic compounds 
found in foods in very small quantities, and are essential t o  
the life and health of animals. Albino rats  a r e  used to  esti- 
mate the quantity of vitamins in foods. Methods are de- 
scribed for breeding the rats  and testing the foods for vitamin 
A. Selection of the breeding rats  resulted in improvement in 
uniformity. 
The vitamin A content of yellow corn is high. One gram 
of yellow corn (39 samples) contained 2.5 to 8 units of vitamin 
A, one gram of red or variegated corn (18 samples) contained 
0.9 to 5 units, while one gram of white corn usually contained 
less than .03 unit. The units of vitamin A in crosses of yellow 
with white corn were approximately in proportion to the num- 
ber of genetic factors for yellow color in the crosses. Season 
and locality (11 localities and 3 seasons) had some effect on 
the vitamin A content of yellow and of red corn. 
Varieties of corn varied little in composition, including 
protein, but the protein content varied considerably according 
to the locality in which the corn was grown The correlation 
between rainfall, January through July, and protein content 
was -.576 k .072. Slightly less lime and phosphoric acid 
were in the corn grown in two localities than in the samples 
grown a t  the other five places. 
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VARIATIONS IN VITAMIN A AND IN CHEMICAL 
COMPOSITION OF CORN 
G. S. FRAPS 
Sufficient energy, proteins, vitamins, and minerals, such as phosphoric 
acid, lime, magnesia, sodium, chlorine, sulphur, potash, iron, copper, 
iodine, and fluorine must be furnishecl by the diet of man and animals, 
according to recent investigations. Deficiencies in  cliet may cause re- 
tardation in growth of young animals, deficiency of production such as 
milk, or eggs, lack of vitality or vigor; or may lead to diseases such as 
serophthalmia, pellagra, scurvy, anemia, rickets, ancl goiter, as well as 
susceptibility to other diseases such as pneumonia or tuberculosis, or to 
decreased ability to reproduce. 
Vitamins are organic substances which are present in very small 
quantities in foods, and are lmown to be essential to the health of ani- 
mals. Vitamins vary in amounts in different foods. A particular food 
may contain a large amount of one vitamin, while the amount of one 
or more of the others may be very low, or i t  niav be almost entirely 
absent. A deficiency of any vitamin in the diet may result i n  failure 
of young animals to grow, disturbances of bodily function, disturbances 
of health, or even in serious diseases such as rickets, scurvy, or beri-beri. 
Vitamin A was one of the first vitamins discovered. It occurs in 
large quantity in yellow corn, while little or none is founcl in white corn. 
For the purpose of this study, samples of corn grown at  the various 
substations in different parts of the state were furnishecl by the Division 
of Agronomy. Chemical analyses were made in adclition to the estima- 
tion of vitamin A ;  ancl as the analyses bring out some points of interest, 
they also are discussed in this Bulletin. 
VITAMINS AND THEIR IMPORTANCE 
As previously stated, vitamins are organic substances founcl in small 
amounts in foods, and are essential to the health or proper functioning 
of the animal body. The exact number of vitamins is not known, since 
new ones are being discovered from time to time ancl those now consid- 
ered as single vitamins may later be split ihto two or more. Vitamins 
are studied by means of experiments on animals; and complete or par- 
tial lack of one of them is recognized by the failure of the animal body to 
perform some of its functions. The following is a brief description of 
the vitamins (19) known a t  present. 
Vitamin A. This is called also fat-soluble A, or the anti-serophtlzalmic 
vitamin. I t  is essential for bodily health.and growth. An eye trouble 
6 BULLETIN NO. 422, TEXAS AGRICULTURAL EXPERIMENT STATION 
called xerophthalmia frequently occurs when vitamin A is not consumed 
in sufficient amounts. Young animals do not grow well when the diet 
is deficient in vitamin A, and also are likely to suffer from the sore eyes 
referred to above, or from other disorders. Vitamin A is abundant in 
such foods as green vegetables, milk, butter, and yellow corn. The 
amount is low in rice, wheat flour, white corn, oats, and other foods. 
Vitamin B Complex. What was called Vitamin B a short time ago, is 
now believed to comprise a t  least three vitamins of which two have each 
been given three different names. (B, B, or F; B,, G or P-P; B, and 
possibly B,.) So much work has been done and apparently is still 
being done on the complex termed vitamin B, that i t  mould introcluce 
much confusion to retain the term vitamin B for one of the constituents 
of the vitamin B comples. I n  accordance with the proposal of S. L. 
Smith (18, see also 3 ) ,  the two chief constituents of the vitamin B 
comples are here termed vitamin F ancl vitamin G. 
Vitamin C. Vitamin C is also termed the anti-scorbutic vit: 
Deficiency of vitamin C results in a disease l ino~m as scurvy. 
disease was formerly of frequent occurrence in  time of famine ( 
long sea voyages and i t  occurred also during the ~vorld war. For 
a hundred years i t  has been linov~n that lemons or vegetables T 
prevent scurvy. Vitamin C occurs in large quantities in tomatoes 
cabbage, turnips, and citrus fruits, especially lemons and grape 
Wheat flour, corn mekl, oat meal and similar cereals contain 






" .  
Vitamin D. This is also called the anti-rachitic vitamin. Deficleucj 
of vitamin D results in imperfect assimilation of lime in the bones, 
causing j o ~ m g  animals or children to suffer from rickets, one sj~mpton~ 
of which is soft bones. A deficiency of vitamin D may also be con- 
ducive to decay of the teeth. Vitamin D occurs in liver, egg yolk, ancl 
in  small amounts in  milk and butter. The compound formed by es- 
posure of oils or certain vegetable waxes to ultra-violet light rays acts 
in the same way as vitamin D. Sunshine takes the place of vitamin D. 
Animals or people who get plenty of sunshine should not suffe 
deficiency of vitamin D. With the abundance of sunshine availak 
Texas, there is little reason for children or animals to suffer 
rickets, although i t  does occur. Cod liver oil is rich in vitamin D 
Vitamin E. This is the reproductive vitamin, and is needed fo 
reproduction of animals. Deficiency of this vitamin results in  stel 
Vitamin E is widely distributed, being present in wheat, oats, 




Vitamin F. Vitamin P is the anti-neuritic vitamin, soluble in 
and destroyed partly or completely by heat (1). Its presence 
quired to prevent polyneuritis in birds and animals; and possibly 




VARIATIONS IN VITAMIN A AND CHEMICAL COMPOSITION OF CORN 7 
B. Complete absence of vitamin F is followed by loss of appetite, loss 
of weight, and a condition of nervousness. I t  is found in wheat, corn, 
yeast, rice polish, and in other foods. 
Vitamin G.  ( 5 )  This is known as the anti-pellagric vitamin and is a 
water-soluble vitamin, not easily destroyed by heating. When the ration 
of young rats is dificient in this vitamin, there occurs a rapid decre'ase 
in rate of growth. Older animals may lose weight. The rats also 
become weak and may develop slun lesions, which are symptoms like 
those which occur in pellagra. Cereal grains are poor in vitamin G, 
while milk and green leafy vegetables seem to be better supplied with it. 
Vitamin B,. (4) This is a water-soluble vitamin, recently discovered 
in the vitamin B complex. I t  is destroyed by heat. I t  is necessary 
for the growth or recovery in weight of birds, but does not seem to be 
needed by rats. Yeast, whole grains, and malt are good sources of 
vitamin B,; beef and beef liver are fair sources; milk, orange and 
tomato juice, spinach, potato juice, and corn molasses are somewhat low 
in this vitamin. 
Vitamin B,. (4)' This' has been reported as present in the vitamin B 
complex but little definite information is available regarding it. It is 
similar to B, but is needed by rats, while B, is needed by birds but 
not by rats. 
VITAMIN A IN CORN 
Steenbock in 1919 (14)  first showed that yellow corn contains a 
much higher content of vitamin A than does white corn. Steenbock 
and Coward in 1927' (15) found corn deficient in vitamin D. Rocke 
and Hetler in 1928 (10)  studied the vitamin A in corn and its distribu- 
tion in the by-products from the manufacture of starch. The greater 
part of vitamin A was located in the pigmented layer of the endosperm. 
Corn bran and grits were deficient in vitamin A. 
Only a few quantitative determinations of the content of vitamin A in 
corn have been made. M. C. Smith (16,17') in 1930 found that 0.3 
gram of yellow corn contains one unit of vitamin A compared with about 
5.5 gm. for hegari and 3 gm. for yellow milo. Russell ( 1 1 )  found 
about 0.5 gram of yellow dent corn contained one unit of vitamin A, 
while white-topped yellow dent contained one unit in 0.75 gm. Hauge 
and Trost (6) compared the growth of rats on five lots of corn of 
different breeding and concluded that the vitamin A was transmitted 
exclusively with the genetic factors for yellow endosperm. Ifeyer and 
Hetler (4) studied the vitamin A concentration in the by-products from 
the manufacture of starch. 
METHODS OF ESTIMATING VITAMIN A 
While colorimetric tests have been proposed for the estimation of 
vitamin A, they cannot be considered reliable. It is necessary to use 
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biological methods for the detection and estimation of vitamins. Rats, 
rabbits, guinea pigs, pigeons, chickens, and other animals are usect. 
Two methods were used for the estimation of vitamin A in the work 
reported here. I n  both methods, the amount of vitamin A mas meas- 
ured by the growth of rats. One method, here termed the r 
method, consists of feeding the animal an unlimited quantity 
ration presumably sufficient in all nutritive factors except vitami 
in which vitamin A is suppliecl only by the foocl to be tested. Tl,,,, ,L 
the older method. The other method, here termed the unit method 
(12, 13), consists in feeding rats previously freed of vitamin A, a 
weighed amount of the feed to be tested, in connection with a ration 
complete except for vitamin A. Both methods depend upon the gain 
in weight of the rats, and as the growth of rats is subject to other 
factors such as capacity to grow and infections or other cliseases, the 
methods do not possess the exactness of chemical analysis. 
Standardization and Care of Rats 
The rats used were progen? of Albino rats obtained from the Wistar 
Institute, and from the Albino Supply Company, .Philadelphia. The 
rats were pairecl and kept in cages of wire cloth, 1 2  inches wide, 1s 
inches long, and nine inches high. These cages were placecl over pans 
on wooden stands constructed in such a way as to hold sixteen cages in 
four tiers, an arrangement that allows the cages to be taken clam-n 
readily for cleaning. An automatic watering device kept the rats sup- 
pliecl with water, and a satisfactory ration was kept before them. Pieces 
of bone were given them on which they could grind their teeth. Pota- 
toe$, lettuce, or canned spinach were given once a week. The r " 
which was found to be satisfactory, was as follows: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Corn meal. .I200 grams 
. . . . . . . . . . . . . . . . . . . . . . . .  Cottonseecl mea,l.. 200 grams 
. . . . . . . . . . . . . . . . . . .  Powclered whole milk..  GOO grams 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Alfalfa meal. 40 grams 
. . . . . . . . . . . . . . . . . . . . . . . .  Sodium chloride.. 10 grams 
...................... Calcium carbonate.. 10 grams 
An analysis of one sample of this mixture follows: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Protein .17.14 
Fat  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Crude Fiber 2.45 
. . . . . . . . . . . . . . . . . . . . . . . . .  Nitrogen-free Extract. .60.14 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Moisture 8.86 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash 2.45 
The system of selecting and keeping up the stock of breeding 
was as follows: 
Ten pairs of rats which came as nearly as possible within the fo  
ing requirements were selected and mated each month: 
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1) The parent should have raised two litters in  four months. 
) Sixty per cent of litters should have been suitable for experi- 
tal work. 
) The parents should not have produced more than three litters 
when the young were selected for breeding. 
(d) The selected rats should be healthy. 
Thirty young rats were chosen carefully each month, weighing 35 to 
45 grams when 21 to 28 days of age. 
Females and males were kept separately until grown, in large cages 
22 inches by 18 inches by 9 inches, provided with circular revolving 
discs for exercising. 
At the age of 120 days, suitable rats weighing 160 to 180 grams in 
the case of females and 220 to 250 grams in the case of males, were 
pairecl in regular breecling cages. 
Breeding rats that failed to produce offspring for a period of 3 months 
arere destroyed. 
In  thin way the stock has been successfully replenished and a con- 
tinuous supply of young rats made available, the larger proportion of 
which falls within the weight required for the experimental work. The 
system of selection described was more succe~sful than anticipated. At 
the beginning of the work, 40 to 50 per cent of the young rats were too 
small or too large for the requirements of the work. By the end of 
two years, practically all the young rats could be used in the experiments. 
I11 the fall of 1929, the pair system of breeding described above was 
compared with the group system used at  the Pennsylvania Station. In 
the group system, one male and four females are placed in large breecling 
cages. The rats are numbered by marks oil the ears. Pregnant females 
are isolated in individual cages. After the young are weaned, the 
female is placed with other females for a resting period of 14 clays 
before being returned to the cage containing the same male to wl~ich 
she I\-as previou~ly mated. 
The results of comparison of the two methods for four months are 
given in Table 1. TVhile more rats were born by the pair methocl than 
bg the group methocl, a smaller number was raised. The superiority of 
the group method was probably due to the period of isolation from the 
male and the rest given the female. The new system also had the ad- 
rantage of requiring a smaller number of males and a smaller number 
of cages. The entire colony was placed on the group system in lfarch, 
1930. 
I Table 1.-Number of rats bv the paired method and by the group method 
Number of females.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number of young rats . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Number of rats raised. 
' Percentage raised. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Details of the Ration Method for Estimating Vitamin A 
I n  the first series of tests, the method here called the ration method 
was used for comparing the amounts of vitamin A in the different 
samples. I n  this method, the joung rats were fed a mixture complete 
as nearly as possible in  all respects except in  vitamin A. It should 
contain the vitamin A only in the sample to be tested: The rats mere 
allowed to eat freely of the ration, and the amount of vitamin A mas 
measured by the gain in  weight over a period of 8 weeks or more. 
At first the immediate objective was to secure a ration that mould 
give normal growth over an experimental period of approximately three 
months. With this object in view, response in growth to varying 
amounts of protein, carbohydrate, fat, salts, and yeast was determined. 
Casein proved a satisfactory protein but unfortunately the crude casein 
contains appreciable traces of the vitamins associated with milk and it 
was necessary, therefore, to purify i t  by extraction with a suitable sol~eot 
or otherwise. It was boiled with a mixture of equal parts of ether and 
alcohol for one hour under a reflux condenser; after three successive 
extractions the extracted casein was filtered off by suction and dried at 
100 degrees C. 
The requisite minerals mere supplied by using a modification of the 
salt mixture of Osborne and allendel, which was prepared as follows : 
Salt Mixture 7015 
Dicalcium phosphate. . . . . . . . . . . . . . . . . . . . . . . . .  .I80 gm. 
Potassium sulphate.. . . . . . . . . . . . . . . . . . . . . . . . . . .  17 gm. 
Potassium chloride. . . . . . . . . . . . . . . . . . . . . . . . . . .  .I11 gm. 
Calcium carbonate.. . . . . . . . . . . . . . . . . . . . . . . . . . .  30 gm. 
. Magnesium carbonate.. ....................... 24 gm. 
Sodium carbonate.. . . . . . . . . . . . . . . . . . . . . . . . .  :. . 34 gm. 
Potassium carbonate.. . . . . . . . . . . . . . . . . . . . . . . . .  35 gm. 
Citric acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 gm. 
Iroq citrate (or ferrous sulphate 2 gm.) . . . . . . . . . .  6 gm. 
Potassium iodide ( 1  gm. in  500 re., take 10 cc. ) . . . .  .02 gm. 
Manganese sulphate (4 gm. in 500 cc., take 10 cc.) .08 gm. 
.. Sodium fluoride (12.5 gm. in 500 cc., take 10 cc. ) .25 gm. 
. . . . . . .  Potash alum ( 1  gm. in 500 cc., take 10 cc.) .02 gm. 
All the salts were finely powdered, and then mixed well. The solu- 
tions to be used were placed in an evaporating dish; 100 cc. water 
added, and mixed well with the salts; the mixture was dried in a steam 
bath, and then powdered. 
Fleischmann's stock yeast was found to give satisfactory results as a 
source of vitamin B when 10 per cent was used. With smaller per- 
centages the rats began losing weight at  the end of 5 or 6 weeks instead 
of gaining. 
.RIATIONS I N  V I T A M I N  A A N D  CHEMICAL COMPOSITION O F  C O R N  11 
'me following ration was used in the experiments (Mixture 639) : 
Salt mixture (Method 7015). . . . . . . . . . . . . . . . . . . .  8 parts 
Casein (purified). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 parts 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Yeast 10 parts 
Wesson oil (cottonseed oil) . . . . . . . . . . . . . . . . . . . . . .  20 parts 
Corn to be tested. ............................. . I30 parts 
The technique employed was as follows: Four or more young rats 
23 to 26 days old and weighing 38 to 42 grams, were placed in circular 
experimental cages (tinned test-tube baskets) standing on 10-inch soup 
plates, two of the same sex being placed in each cage. The rats did 
not have access to their excretions, which contain vitamin A. Samples 
of corn were fed freely in &lixtnre 630 in granite-ware cups, so that the 
rats had all they could eat. The weights of the rats and of the food 
eaten were recorded each week. 
A number of checks were run in the course of the work, by substituting 
2 per cent of cod liver oil for 2 per cent of Wesson oil in the ration 
mentioned above (No. 639), both with starch and with several of the 
different varieties of corn. The checks gave satisfactory results, as the 
rats grew well. 
Origin of Corn Used- The samples of corn were secured from the 
various experimental farms through the Division of Agronomy. The 
soil type, on which the corn was grown, year of collection, and fertilizer 
used are given below. 
Beaumont, No. 4-Lake Charles clay loam and Cromley clay, 1926-7-8-9, 
no fertilizer. 
> ~ches, No. 11-Rirvin clay loam, 1026. 
wvin fine sandy loam, 1927, 1928, 1929. Fertilized in 1926; fer- 
zed with 300 pounds of 4-12-2 in 1927, 1928; 400 pounds of 
-3 in 1929. 
Angleton, No. 3-Lake Charles clay loam, 1926, 1927, 1928. 
Lalie Charles fine sandy loam, 1929. No fertilizer, 1926, 1927; 
100 pounds of superphosphate in 1928; 200 pounds of 18 per cent 
superphosphate in 1929. 
Troup, No. 2-Susquehanna fine sandy loam. No fertilizer in 1926; 
240 pounds superphosphate, 100 pouncls of cottonseed meal and 60 
pounds of nitrate of soda in 1927; 300 pounds of superphosphate, 
'^^ pounds of nitrate of soda at planting; 150 pounds of nitrate of 
t as side dressing in 1928; 200 pounds of 16 per cent super- 
sphate and 100 pounds of nitrate of soda in 1929. 
No. 5-Houston clay, no fertilizer. 
\Veslaco, No. 15-TTictoria fine sandy loam, no fertilizer. 
College Station (Main Station) --Lufkin fine sandy loam ; 300 pounds 
of 3-12-3 in 1926, 1927, 1928; 300 pounds of 3-10-3 in 1929. 
Lubbock, No. 8-Amarillo fine sandy loam, 1926. 






Denton, No. 6-San Saba clay; no fertilizer. 
Chillicothe, No. 12-Eirltland clay loam, 1928. Vernon fine sandy 
loam, 1929. NO fertilizer. 
Iowa Park, No. 16-Pahola very fine sandy loam, 1926. Miller loam, 
1927. No fertilizer. 
Beeville, No. I-Goliad fine sandy loam, 1926, 1927, 1929. 
Poesta fine sandy clay loam, 1928. 
RESULTS WITH THE RATION METHOD 
Table 2 contains the detailed results of Fome of the exprimel 
while average results are given in Table 3. The results are summari 
in  Table 4, which gives the average gain in weight of the rats for tne 
period of 8 to 11 weelis, if they survived that long. These results shonr 
that white corn contains less vitamin A than yellow corn, aiicl that straw- 
berry corn is intermediate between the two. It also shows that white 
corn grown a t  some places contains more vitamin A than that grown in 
other localities. In some cases the white corn seemed to give as good a 
growth as the yellow, but this may be clue to defects of the method, 
especially as the young rats. are lcnown to contain vitamin A. The 
Chisholm white corn from Beaumont gave growth exceeding that of all 
except one of the samples of Ferguson yellow clent. Surcropper (white) 
from Beaumont gare slightly more growth than Fer,guson yellow dent 
from Beeville. Fentress strawberry (variegated) from Beaumont, Den- 
ton, and Troup gare more growth than most of the samples of Fergut 
yellow dent. The Beaumont and Denton samples in general were m 
potent than the others. 
These results will be mentioned further in connection mith the ; 
cussion of the results securecl in subsequent years, by the use o-f 
unit method. The more accurate results obtained by unit method 
not confirm those results obtained by the ration method, which 
assigned a high vitamin A content to white corn. 
, THE UNIT METHOD 
The ration method has the advantage of follo~ving the usual proce 
of feeding animals, but the amount eaten of the feed to be tested v 
with the appetite of the animal and also mith its capacity to eai. L ~ I  
animal grows larger i t  eats a larger quantity of food each clay ancl. 
receives a larger amount of vitamin A. The quantity of vitamin A 
varies mith the appetite of the animal. Likewise, rats contain a coi 
erable store of vitamin A a t  the beginning of the test and this aic 
the growth of the rat. The amount of vitamin A stored in the 
varies with the character of the feed fed, ancl mith the incliviclualit 
the animal. 
The metllocl developecl by Sherman ancl Jlunsell (here termed 
unit method) (13, see also 8 and 15) was studied for the purpoe 
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Table 2.-Details of some of the  experiments with individual rats on vitamin A in corn with the  ration method. 
Gain per Length of 
week, period, Health 
grams 1 weeks / Regis - trat ion No. Gain, grams Sex Description 
Hastings Prolific Troup Texas. . . . . . . . . . . . . . . . . . . . .  44 165 
~ a s t i n ~ s  prolific: Troup: ?'exas. . . . . . . . . . . . . . . . . . . .  44 140 
1Iasti.ngs Prolific, Troup, Texas. . . . . . . . . . . . . . . . . . . .  43 140 
I-last~ngs Prolific, Troup, Texas. . . . . . . . . . . . . . . . . . . .  43 136 
Avergge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ e r g u s o ~ ~ e l l o w  Dent, Troup, Texas. . . . . . . . . . . . . . .  40 159 
Ferguson Yellow Dent, Troup, Texas. . . . . . . . . . . . . . .  3 1) 168 
1;erguson Yellow Dent, Troup, Texas. . . . . . . . . . . . . . .  43 160 
Perguson Yellow Dent, Troup, Texas. . . . . . . . . . . . . . .  42 104 
17erguson Yellow Dent, Troup, Texas. . . . . . . . . . . . . . .  40 173 
Fcrguson Yellow Dent, 'Troup, Texas. . . . . . . . . . . . . . .  4 0 182 
-- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average 
Surcropper, Troup, Texas. . . . . . . . . . . . . . . . . . . . . . . . . .  44 100 
Surcropper, Troup, Texas. . . . . . . . . . . . . . . . . . . . . . . . .  43 119 
Surcropper, l'roup, Texas. . . . . . . . . . . . . . . . . . . . . . . . .  42 70 
Surcropper, Troup, Texas. . . . . . . . . . . . . . . . . . . . . . .  ,. 40 84 
- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average 
Bloody Butcher, Troup, Texas . .  . . . . . . . . . . . . . . . . . . .  39 160 
13loody Butcher, Troup, Texas. . . . . . . . . . . . . . . . . . . . .  3 9 146 
I3loody Butcher, Troup, Texas. . . . . . . . . . . . . . . . . . . . .  39 145 
I5loody liutcher, Troupt Texas. . . . . . . . . . . . . . . . . . . . .  40 138 
---- 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fentress Strawberry, Troup, Texas. . . . . . . . . . . . . . . . .  40 173 
Fentress Strawberry, Troup, Texas. . . . . . . . . . . . . . . . .  38 163 
Fentress St.rawberry, Troup, Texas. . . . . . . . . . . . . . . . .  3 8 215 
Fentress Strawberry, Troup, Texas. . . . . . . . . . . . . . . . .  43 200 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma White Wonder, Troup, Texas..  . . . . . . . . . . .  40 90 
Oklahoma White Wonder, Troup, Texas..  . . . . . . . . . . .  39 74 
Oklahoma White Wonder, Troup, Texas..  . . . . . . . . . . .  42 97 
Oklahoma White \Yonder, Troup, Texas. . . . . . . . . . . . .  42 92 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average 
. . . . . .  11 .o  11 Normal. 
. . . . . .  8 .7  11 Normal. 
. . . . . .  9 . 6  11 Normal. 
8 . 5  11 Normal. . . . . . .  
9 . 5  . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  10 .8  11 Normal. F 
. . . . . . .  11.7 11 Normal F 
. . . . . . . .  9 . 0  13  Dead. F 
. . . . . . . .  5 . 6  11 Poor.. F 
. . . . . . . .  12 .1  11 Poor.. F 
. . . . . . . .  12.9 11 Poor..  F 
__ - _ _ _ _ _ -  -- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.4 
7 . 0  8 Dead . .  . . . . . . .  F 
. . . . . . . . .  10 Dead F 
I:: 7 . 3  1 1 6 e n e c t e d . .  Dead . .  . . . . . .  F 
. . . . . . . . .  11 Fair.  F 
. . . . . . . . .  11 Fair.  F 
. . . . . . . . .  11 Fair.  F 
. . . . . . . .  11 Fair . .  F I I
- - -  
. . . . . . . . . .  48 ( 4 . 8  1 I.............. 1 ...... 














Chisholm, Troup, Texas..  . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, Troup, Texas.. . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, Troup, Texas. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, Troup, Texas..  . . . . . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thomas, Troup, Texas..  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thomas. Troup, Texas . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thomas. Troup, Texas. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thomas, Troup, Texas. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma White Wonder Denton Texas. . . . . . . . . . .  
Olclahoma White wonder'  ent to; Texas. . . . . . . . . . .  
Oklahoma White Wonder: Denton: Texas..  . . . . . . . . . .  
Oklahoma White IVonder, Denton, Texas. . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferguson Yellow Dent. Denton, Texas. . . . . . . . . . . . . .  
Ferguson Yellow Dent, Denton, Texas. . . . . . . . . . . . . .  
Ferguson Yellow Dent, Denton, Teuns. . . . . . . . . . . . . .  
Ferguson 'S'ellow Dent, Denton, Texas. . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Local Squaw Corn..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Local Squaw Corn..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Local Squaw Corn.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Local Squaw Corn. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper, Denton, Texas. . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper, Denton, Texas. . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper, Denton, Texas. . . . . . . . . . . . . . . . . . . . . . . .  

































































































8 . 8  
10 .9  
7 .3  




6 . 4  
8 .6  
8 .5  
7 .8  
i0 .6  









$1 . 5 
(5 . 1 
12.0 
7.6 


































Vormal . . . . . . .  
qormal . . . . . . .  
. . . . . . .  Vormal 
. . . . . . . . . .  Fair 
-- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dead. . . . . . . . .  
Dead (lungs). .. 
Dead(sore eyes) 
Dead(sore eyes) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  Soreeyes 
Fair. . . . . . . . . .  
Poor. . . . . . . . . .  
. . . . . . . . . .  Fair 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fair. . . . . . . . . .  
Fair.  . . . . . . . . .  
Good. . . . . . . . .  
S o  . . . . . . . .  
--- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Good . . . . . . . . .  
Good. .  . . . . . . .  
Soreeyes . . . . . .  
Sore eyes.. . . . .  
--- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fair. ......... 
























































Bloody Butcher, Denton, Texas.. .................. 
Bloody Butcher Denton Texas..  .................. 
~ l o o d ~  ~ u t c h e r :  d en ton: d ex as. . . . . . . . . . . . . . . . . . . .  
Bloody Butcher, Denton, Texas..  . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average 
Chisholm, Denton, Texas.. . . . . . . . . . . . . . . . . . . . . . . . .  
Ch~sholm, Denton, Texas.. . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, Denton, Texas.. . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, Denton, Texas.. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average 
Lungs.. ....... 
Lungs.. . . . . . . .  
Good. . . . . . . . .  
Dead. . . . . . . . .  
-------- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fair. . . . . . . . . .  
Soreeyes . . . . . .  
Sore eyes..  . . . .  
Soreeyes . . . . . .  
- 




3 . 5  
14.1 
10 .3  
8 . 5  
6 . 7  
8 . 8  

























































































































12 .3  











Variety and location 
Fentress Strawberry, Denton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Brazos White, Denton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tuxpan, Beaumont . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferguson Yellow Dent, Beaumont. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, Beaumont . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hastings Prolific, Beaumont. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper, Beaumont..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fentress Strawberry, Beaumont. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thomas, Beaumont.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  'Thomas,I->enton 
Chisholm, Angleton.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . .  
Hastings Prolific, Angleton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Brazos White, Angleton.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma White \Yonder. Angleton. . . . . . . . . . . . . . . . . . . . . . . . . .  
'Tuxpan,Angleton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rlue Grain, Nacogdoches.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper, Nacogdoches.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'l'hon~as. Nacogdoches. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, Nacogcloches. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 homas, Angleton.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper, Iowa Park. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
J:entress Strawberry, Iowa Park..  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IIorton, Iowa Park. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. Ferguson Yellow Dent, Iowa Park. . . . .  .-; . . . . . . . . . . . . . . . . . . . . .  
Average 





































































9 . 2  
4.. 9 
5 . 6  
8 . 4  
8 . 2  
6 . 8  
5 . 3  
7 . 3  
8 . 9  
4 .8  
5 . 0  
6 .0  
10.7 
8 .1  
. 11.2 
Table 3.-Average results for vitamin A in corn by the ration method on rats-Continued. 




































Variety and location 
Mexican June, Iowa Pa rk .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm. Iowa Park.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, Beeville.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper, Reeville. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rcese Drouth Resister, Beeville. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FIorton, Beeville.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma White Wonder, Beeville. . . . . . . . . . . . . . . . . . . . . . . . . . .  
I-lastings Prolific. Reeville . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fentrcss Strawberry Reeville. 
Ferguson Yellow ~ j i n t ,  Bceville. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dcficicncy Ration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma White Wonder, Nacogdoches. . . . . . . . . . . . . . . . . . . . . . .  
Nacogdochrs, Nacogdoches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mexican June, TAuhhoclc.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fentrcss Strawberry, Lubbock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper, Lubbock.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm,Lubbock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Strawbcrx-v College Station . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferguson  ello ow bent ,  College Station. . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm, College Station. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Pionccr or Squaw Corn, 1,ubbock.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ferguson Yellow Dent, Lubbock. 
Dwarf Mexican June, Lubbock.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Silvermine, Lubbock.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thomas, Beeville. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferguson Yellow Dent, Nacogdoches. . . . . . . . . . . . . . . . . . . . . . . . . .  
Rrazos \X7hltr. Nacogdoches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Horton,Nacoqdoches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fcntress ~ t r a k l , e r r ~ ,  Nacogdoches.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hastings Prolifir, Nacogdoches. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
J,a France Cream Meal. Dallas.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I Blue Bonnet. Pearl Meal, Dallas.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hominy Feed, Dallas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Whole White Corn, I3allas.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Improved Squaw Corn with cod liver oil .  . . . . . . . . . . . . . . . . . . . . .  
Hastings Prolific Corn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TIastings Prolific Corn with cod liver oi l . .  . . . . . . . . . . . . . . . . . . . . .  
Yellow Dent Corn..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Yellow Dent  Corn with cod liver oil. . . . . . . . . . . . . . . . . . . . . . . . . .  
Hickory King White Corn..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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a ration free from vitamin A but complete in other respects, until the 
supply of vitamin A stored in the animal is exhausted, and then feeding 
weighed quantities of the feed to be tested in connection with the ration 
free from vitamin A. 
The amount of supplemental food which causes an average gronrtll 
of 3 grams a week for 8 weeks, is said to contain a unit of vitamin A. 
This unit may be described as an average increase in weight of 3 grams 
a week over a period of eight weeks, following depletion of the bodily 
store of vitamin A. The problem is to determine the amount of corn or 
other feed which, when fed daily for six days a week, enables the rat to 
maintain one unit of growth or 24 grams in  8 weeks. That amount of 
corn contains one unit of vitamin A. 
It was necessary to feed a basal ration so that the rat was certain to 
receive sufficient protein, energy, and enough of the essential minerals 
and vitamins other than vitamin A, in  order to make sure that the 
gain in weight might be attributed only to the vitamin 9 present in 
the daily portion of corn. 
The Sherman diet deficient in vitamin A (Mixture 666,), was first 
used. This mixture is as follows: 
Starch ...................................... 130 grams 
....................................... Casein 40 grams 
Yeast ....................................... 20 grams 
............................ Salt mixture 7015. 8 grams 
............................. Sodium chloride.. 2 grams 
The extraction of washed casein with a mixture of ether and alcohol 
to remove vitamin A was both costly and laborious. Destruction of 
vitamin A by oxidation appeared to offer a simpler method and one 
which has proved successful (6a). To purify the casein, i t  was spread on 
trays in an electric oven to a depth of one-fourth inch and heated to 110 
degrees C. for 24 hours. Air was drawn over the material by means 
of an electric fan and i t  mras stirred from time to time during the day. 
The casein inactivated by oxidation was compared with casein prrified 
by extraction, by means of rats fed the mixture given above. Results 
were satisfactory. 
The commercial starch also contained appreciable amounts of vitamin 
A. Untreated starch, starch extracted with a mixture of ether and 
alcohol, and starch purified by oxidation were compared by means of 
rats fed on the mixture mentioned above. Destruction of vitamin A by 
oxidation was found to be satisfactory. 
Steenbock and others have emphasized the necessity of supplying 
vitamin D in the ration. Experiments were made using corn with 
irradiated Wesson oil up to the time of cessation of growth and the 
appearance of symptoms of deficiency in  vitamin A. The irradiation 
had no effect on growth, but since rachitic symptoms may develop at a 
later date, and to avoid any possibility of deficiency in vitamin D, 
irradiation of the basal ration was used. 
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rhe method used was as follows: Two to six rats 23 to 26 days old 
me placed in a round wire cage (tinned test-tube basket) with wire 
:en bottoms and fed Mixture 666. I n  4 to 5 weeks the rats usually 
wed symptoms of deficiency. The first indication was generally a 
ight accumulation of exudate in  the corner of one or both eyes. This 
as followed by swollen and reddened eyelids and later by extensive 
uudate. With the appearance of definite xerophthalmia, maintenance 
r loss in weight was observed. At this time, usually about the thirty- 
h day, the rats were placed in individual cages. IlJhen the rats stopped 
ning weight, or otherwise showed indications of deficiency of vitamin 
weighed quantities of the feed to be tested were fed daily for eight 
?ks, unless the rat died before the end of the period. 
lonsiderable experience and care are necessary to know when the rats 
ready to be put on test of the feed to be assayed for vitamin A. If 
rats are taken too soon, the results will be unsatisfactory. On the 
otner hand, if they are taken too late, advanced pathologic conditions 
may be established. Genera.1izeci infections resulting in the formation 
of pus in the upper part of the digestive and respiratory tract appar- 
ently cannot be cured by feeding methods, regardless of the richness of 
the diet in vitamin A. Lung trouble is a weakness to which the rat  is 
very susceptible; in  fact, a big majority die of i t ;  consequentlv respira- 
tory infection may be the result of radical organic disability and not 
due to deficiency a t  all. 
Although the Albino rats used were supposedly homozygous, there 
was considerable variation in growth. This variation has been recog- 
nized by the majority of investigators and is variously attributed to the 
capacity of the inclividual to grow, to pathological lesions not attributable 
) the diet, to the varying amount of feed eaten, to seasonal variation, 
nd perhaps other causes. 
Attempts were made to feed such a quantity of material containing 
;+zmin A that the rat made an average gain of 3 grams per week for 8 
?ks. It is difficult to estimate the amount of feed required to pro- 
:e exactly this gain. Usually the estimate of the amount of vitamin 
present in the food tested was made from gains near that desired; 
tnat is, from one lot gaining less than this amount, and another more 
than the 3 grams a week. When the rats gained less than 3 grams a 
week, many of them would die before the period was over. If the 
average of gains in weight was too far from that desired, it was neces- 
sary to repeat the experiment, feeding larger or smaller quantities of 
the feed to be tested. These repetitions were frequently needed, on 
account of the difficulty of judging closely the exact amount of the food 
which should be fed to secure the gain of 3 grams a meek. The use of 
six or more rats in each test was found desirable. Some of them 
usually died before the test was ended. A sudden drop i n  weight fol- 
lowed by death was probably not due to deficiency of vitamin A. It 
was desirable also to make checli: tests beginning on different days; the 
results secured at different times did not always agree. 
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The growth of the rats, up to 6 grams a week, was sometimes found 
to be in proportion to the quantity of vitamin A fed, but in other cases 
the rats made unusually large gains when fed a little more than one 
unit of vitamin A. This is the chief reason why i t  is desirable to esti- 
mate the quantity of vitamin A in the food from the results from two 
groups of rats, one gaining less than 3 grams a week during the eight 
weeks, and the other a little more than 3 grams. I t  is also necessary 
to consider whether the rats which died suffered from deficiency in 
vitamin A or from other troubles. I n  spite of all precautions, however, 
the results are probably accurate only to 1'0 to 20 per cent. 
Comparison of the Unit Method and the Ration Method 
Some of the samples of corn mere tested by the ration method and 
also by the unit method. The results are compared in Table 5. The 
corn is tabulated in order of content of vitamin A by the unit method, 
beginning with those samples containing the highest amount. On an 
average the order is similar, but with some individual samples, the 
order is decidedly different. The sample which comes first by the unit 
method, comes third by the ration method. The sample which comes 
second by the unit method is decidedly the highest by the ration method. 




















Terguson Yellow Dent. corn. . . . . . . . . . . . . . . . . . . . .  
?erguson Yellow Dent corn. . . . . . . . . . . . . . . . . . . . .  
7erguson Yellow Dent corn. . . . . . . . . . . . . . . . . . . . .  
Tentress Strawberry. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tentress Strawberry.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tentress Strawberry.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
3razos White. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mexlcan June (white). . . . . . . . . . . . . . . . . . . . . . . . . .  
lastings Pro11fi.c (white). . . . . . . . . . . . . . . . . . . . . . . .  
lklahoma White Wonder. . . . . . . . . . . . . . . . . . . . . . .  
lorton (whit?). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
last~ngs Prollfic (white). . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,hisholm (white).  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  31ue Grain (white). 
The Sherman-n4unsell unit method is decidedly superior to the rati 
method, since i t  brings out more clearly the differences in the vitamin 
content of the various samples, and provides a much more accure 
method for measuring the vitamin A in  foods. It requires more tirr 
care, and rats, but the superior accuracy justifies the additional w o ~  
Modification of the Ration for Corn Low in Vitamin A 
The samples of white corn mere so low in vitamin A that the ra 
could not eat daily a quantity containing one unit. I n  order to securc 
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ingestion of a unit of vitamin per day, the white corn to be tested was 
added to a mixture containing vitamin A in the form of yellow corn. 
This mixture, No. 685, consisted of the following: 
Per cent 
Caseh .......................................... . I 4  
Salt mixture. ...................................... 4 
Yeast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Irradiated Wesson oil.. ............................ 2 
.............................. Yellow corn (29229). 3.75 
Added test feed. .................................. .71.25 
When 4 grams of this mixture were fed each day, the rat  received .I5 
gram of yellow corn, which amount was found to contain about 1.0 unit 
of vitamin A. I n  addition, the rat received 2.85 grams of the food to 
be tested in each 4 grams of the mixture. Additional gain above that 
due to the yellow corn was attributed to the vitamin i n  the added feed 
being tested. The estimate of the quantity of vitamin A was made from 
the results of the test. On account of the small quantity of vitamin A 
present and the difficulty of measuring it, the number of tests on vitamin 
A in white corn was restricted, and the results are only approximate. 
RESULTS OF TESTS WITH THE UNIT METHOD 
Detailed results of some of the experiments are given . in  Table 6. 
Records were also made of the condition of the animals and the amount 
of feed eaten. Average results for a number of the experiments are 
given in Table 7. 
Vitamin A in Yellow Corn 
The estimated quantity of corn which contains one unit of vitamin A 
is summarized for Ferguson Yellow Dent corn in Table 8. The amount 
of corn containing one unit of vitamin A varied from 0.14 to 0.4 gram; 
or, to put it another way, one gram of the yellow corn contained 2.5 to 7 
units of vitamin A. The corn grown in 1926 contained less vitamin A 
than in 192'7, and this, in turn, less than in 1928, though the differences 
between 1927 and 1928 were usually small. With one exception (Angle- 
ton) there was little difference in the vitamin A content of corn grown 
in the various places in 1928. In. 1927, corn grown a t  Angleton, 
Nacogdoches and Temple contained less vitamin A than the others. I n  
1928, Angleton corn still had the lowest content of vitamin A. Both 
the season and the locality appeared to have some effect on the vitamin 
A content of the yellow corn. 
The vitamin A in varieties of yellow corn other than Ferguson Yellow 
Dent was also determined. The results are given in  Table 9. The 
amount of corn which contains one unit of vitamin A varies from .13 to 
0.2 gram; or one gram of corn contains 5 to 8 units. This variation is 
comparatively small. The other varieties of corn tested contained about 
the same amount of vitamin A as does Ferguson Yellow Dent. 




Weight of rats in grams 
................................ 
0 1 2 3 4 5 6 7 8 
weeks I weeks I weeks I weeks I weeks I weeks I weeks ( weeks I weeks 
I -- - -  1- 1 - 1 -  I - I -  I- I- I - -  
Gains 








Ferguson Yellow Dent corn. .  . 132 
. . .  i i i '  ' 
118 
!12 100 106 116 122 129 122 127 Dead 3 5 
- 11.5 120 130 131 134 146 150 158 160 45 
97 110 120 124 135 140 148 150 150 53 
. . . . . . . .  78 102 126 142 148 159 144 188 110 
70 100 110 123 124 134 136 1 5 9 .  89 
74 80 88 102 122 131 138 148 "i4k" 74 
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Ferguson Yellow Dent corn 
29050 Oklahoma Yellow Dent corn. .  
Ferguson Yellow Dent corn. . .  I 
. .  Ferguson Yellow Dent corn. 























































































































































Fentress Strawberry, Angleton 
Hastings Prolific corn*. . . .  
Hastings Prolific corn*. . . . . . .  
Hastings Prolific corn*. . . . . . .  
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"2.85 grams fed with 0 . 1 5  gm. yellow corn in Mixture 68.5. 5 
132 
120 
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Oklahoma White Wonder corn* 
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Table 7.-Average results from feeding tests by the unit method for vitamin A. 
No. Variety and loration 
25840 lFerguson Yellow Dent, Beanrnont ,~ex. /  
-- 
25859 Ferguson Yellow Dent, Angleton, Tex. 
25932 Ferguson Yellow Dent, Beeville. Tex. 
26142 Ferguson Yellow Dent, Lubbock, TCX. 
28636 Ferguson Yellow Dent, Angleton, Tex. 
28645 Ferguson Yellow Dent, Troup, Texas. 






. 5  
1 . o  
I . 5  
2 
. 3  
. A  
1  .o 
1 .2  
1 . 5  
.2 
. 3  
.6 






. 4  
1 . 0  











. 4  
.6 
.8 
1 .0  
1 .5  
.2 
.25 
. 3  
.35 





. 3  
.35 





. 3  
.. 35 
.4  
. 8  
1 
. 2  
. 3  
c4 
1.2 
Ferguson Yellow- Dent, Nacogdoches, 
Texas. 





Ferguson Yellow Deat,  Peeville, Tex. 
Average 
weight 
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'qble 7.-Average results from feeding tests by the unit method for vitamin A-Continued. 
Average 
weight 
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Variety and location 
-A 
Oklahoma Yellow Dent, Iowa Park. 
Ferguson Yellow Dent, College Station. 
Yellow Corn, College Station. . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Golden H~rves t ,  Troup . . . . . . . . . . . . . 
Revters Improved Golden, Troup . . . . 
Ferguson Yellow Dent, Troup.. . . . . . . 
Ferguson Yellow Dent pollinated by 
Ferguson Yellow ~ & t ,  deep "ellow 
color, three factors for endosperm 
color. 
Ferguson Yellow Dent, Pollinated by 
Surcropper, d~ lu te  yellow, two factors 
for endosperm color. 
Surcropper, pollinated by Ferguson 
Yellow Dent, one .factor for endo- 
sperm color. 
Yellow Dent X Surcropper,F. hybrid- 
deep yellow, three factors for endo- 
sperm color. 
Yellow Dent X Surcropper, F. hybrid, 
dilute and pale yellow, one and two 
factors for endosperm color. 
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Table 7.-Average results from feeding tests by the unit method for vitamin A-Continued. 
Variety and location 
30271 Wood's Golden Harvest, Beeville, 
Texas. 
30272 Reuter's Improved Golden Dent, Bee- 
ville, Texas. 
30273 
30373 Pilgrim Yellow Dent, Denton. Texas. I I 
Ferguson Yellow Dent, Beeville, 
Texas. 
30310 
30385 [Bloody Butcher, Denton, Texas. . . . .; I 




30386 Wright Yellow Dent, Denton, Texas.. 1 
30481 
30482 
30484 Ferguson Yellow Dent, Angleton, Tex I 
Ferguson Yellow Dent. . . . . . . . . . . . . . 
Yellow Creole, Nacogdoches, Texas. . . 
30483 Yellow Creole, Angleton, Texas. . . . . . 
30491 
30494 Yellow Creole, Weslaco, Texas. . . . . . . 
Yellow Creole, Main Station Farm. . . 
30492 
30493 
Improved Golden, Weslaco. Texas.. . . 
Oklahoma Yellow Dent, Iowa' Park, 
Texas. 
Ferguson Yellow Dent, Main Station 
Farm. 
Ferguson Yellow Dent, Weslaco, Texas 
I Ferguson Yellow Dent, Iowa Park, Texas. 
White (Yellow Dent X Surcropper) 
Division of Agronomy, F. hybrid, 
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One variety of corn, Fentress Strawberry, with variegated or "calico" 
pericarp, and one with red pericarp, Bloody Butcher, were tested. The 
results for IS samples are summarized in Table 10. 
The amount of variegated corn which contained one unit of vitamin A 
varied from .35 to 1.1 grams ; or one gram of corn contained 2.9 t o  0.9 
units of vitamin A. The red corn contained 1.8 to 5.5 units of vitamin 
A per gram. 
7.-Average results from feeding tests 
Variety and location 
-- 
Yellow Corn. Illinois. . . . . . . . . . . . . . .  
Ferguson Yellow Dent, pollinated by 
Ferguson Yellow Dent deep yellow, 
three factors for endosberrn color. 
F. hybrid, Ferguson Yellow Dent X 
Surcropper, pale yellow, one factor 
for endosperm color. 
F. hybrid, Ferguson Yellow Dent X 
Surcropper-White, no factors for 
endosperm color. 
Yellow Corn Germ, Illinois. . . . . . . . . .  
Ferguson Yellow Dent ollinated by 
Surcropper, dilute yelfbw, two fac- 
tors for endosperm color. 
Surcroper, pollinated by Ferguson 
Yellow Dent, pale yellow, one fac- 
tor for endosperm rolor. 
Surcropper, white, pollinated by Sur- 
cropper, no factors for endosperm 
color. 
F. hybrid, Ferauson Yellow Dent X 
Surcropper, deep yellow, three fac- 
tors for endosperm color. 
F. hybrid, Ferguson Yellow Dent X 
Surrropper, d~ lu te  yellow, two fac- 
tors for endosperm color. 
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7 .1  
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Table 8.-Approximate vitamin A in Ferguson Yellow Dent . 
Where grown 
. . . . . . . . . . . . . . . . . . . . . . . .  Angleton 
Beaumont . . . . . . . . . . . . . . . . . . . . . . . .  
Beeville . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lubbock . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Troup 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Denton 
. . . . . . . . . . . . . . . . . . . . . . . .  Nacoqdoches 
College Station . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Temple 
Weslaco . . . . . . . . . . . . . . . . . . . , . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IowaPark 






















Grams corn to one unit 
' Varicty and where grown 
Units of vitamin A 
In one gram corn 
-.. 
Oklahoma Yellow Dent, Substation No . 16, Iowa Park ... 
Yellow corn, College Station .......................... 
Giant Yellow Substation No . 2, Troup ................. 
Golden 1.Iarv;st. Substation No . 2, Troup . . . . . . . . . . . . . .  
Reuter's Improved Golden, Substation No . 2. Troup . . . . .  
Nicholson's Giant Yellow. Substation No . 1. Beev~lle . . . .  
Wood's Golden Harvest. Substation No . 1, Beeville . . . . . .  
Reuter's Improved Golden Dent, Substation No . 1. Bee- 
v~lle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pilgrim Yellow Dent Substation No 6 Denton., ....... 
Bloody But23er subitation No . 6 D'en'ton ............. 
Wright Yellow ~ e n t .  Substation NO . 6, Denton . . . . . . . . .  
Ferguson Yeoolw Dent Nacogdoches . . . . . . . . . . . . . . . . . .  
Yellow Creole, substation ~d . 11. Nacogdoches . . . . . . . . .  
Yellow Creole. Angleton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  Yellow Creole corn College Station . . .  
yellow Creole subhation No . 15. Wes~Aid .' ' . . . . . . . . . .  
Improved ~ o l h e n .  Substation No . 15. ~nfeslacd . . . . . . . . . .  
Oklahoma Yellow Dent Iowa Park . . . . . . . . . . . . . . . . . . . .  
Yellow Corn. The ~ u a k k r  Oats Co., Chicago . Illinois . . . . .  
_ -  
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Table 10.-Vitamin A in Strawberry corn and Bloody Butcher corn . 
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VARIATIONS I N  VITAMIN A A N D  CHEMICAL COMPOSITION O F  CORN 31 
Both the variegated corn and the red corn were more variable than 
any variety of the yellow corn. The reason for the lower vitamin con- 
tent and greater ~ariabili ty in vitamin content of red and of variegated 
corn as comparecl to yellow corn probably lies in the fact that neither 
of the varieties used is homozygous for endosperm color. The red color 
of the pericarp obscures the color of the endosperm so that varieties with 
colorecl pericarp may become mixecl in their endosperm color. The 
D~T-ision of Agronomy determined the endosperm color on 56 aelf- 
pollinated ears of Fentress Strawberry, the variegated variety, and found 
that 5.5.4 per cent of the plants were white-seeded, 32.1 per cent yellow- 
seeded, and 12.3 per cent u7ere segregating. If  vitamin content is com- 
pletely .associated with yellow color this variety should have about 38 
per cent as nluch vitaillin as it would have if i t  were pure yellow. 
Samples of this variety which are known to be pure for yellow endosperm 
are nour being tested in comparison with samples known to be pure for 
white endosperm. I11 the meantime i t  may be of interest to note th'at 
the T-itanlin content of Strawberry corn in comparison with Ferguson 
Yellow Dent grown at  the same stations was 30.5 per cent, 27.4 per 
cent, and 28.8 per cent, respectively, for the years 1927, 1928, and 1929. 
As ~vitll the yellow corn, the red corn grown in 1928 contained the 
highest amounts of vitamin A, that in 1927 next, and that grown in 
19?G the lo~vest. 
Vitamin A in White Corn 
As previously stated, the white corn was fed in a complete ration 
mixecl with yellow corn to supply part of the vitamin A needed. Ap- 
prosilllate results, on 28 samples, are given in  Table 11. The amount 
of e it am in A in most of the samples of white corn was very low, one unit 
in 25 to 35 grams. Some few samples, however, contained one unit in 
2 to 5 grams of corn, which is high for white corn. This variation may 
possibly be clue to crossing with the yellow corn. 
RELATION TO HEREDITY 
The yellow pigmentation in the endosperm of corn is known to be 
inherited in definite Mendelian ratios, and it is possible to produce 
samples of corn having 0, 1, 2, or 3 genetic factors for yellow endosperm. 
Samples of corn of known genetic constitution with regard to endosperm 
color were furnished by Dr. P. C. ~Iangelsdorf of the Division of 
Agronomy (Gb). The results are given in Table 12. I n  one test the four 
types were produced by pollinating Surcropper and Ferguson Yellow 
Dent by a mixture of pollen from both varieties. In the other teat, 
four types were obtained from the same ears, which were on first- 
generation hybrids of Ferpson  yellow dent and Surcropper. 
I n  the first test the units of vitamin A per gram of corn were approxi- 
mately in proportion to the number of genetic factors for yellow 
endosperm. Samples of corn involving 1, 2, and 3 genetic factors, con- 
tained vitamin A in the proportions 2.5:5:7 in 1928 and 2:5 :8 in 1929, 
the a\-erage for the two years being 2.25:5.00 :7.50. 
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Table 11-Vitamin A in white corn 
No. Variety and where grown 
vitamin A 
. . .  I-Iastingri Prolific, Substation No. 3, Angleton, Texas.. 35 + 
. . . . . .  Rrazos Whjte, Suhstation.No. 3, Angleton, Texas.. 4? 
. . .  Hastings Prol~fic, Substation No. 5, Angleton. Texas.. 12 
Oklahoma W h ~ t e  Wonder, Substation h o .  3, Angleton, 
Texas .......................................... 0 
Oklahoma White Wonder, Beeville, Texas. . . . . . . . . . . . . .  25 + 
.. . . . . . . . . . . . . . . . . . .  Hastings Prolific. Heeville, Texas.. 25 + Sl~rcropper. Substation No. 1, Reeville, Texas.. . . . . . . . . .  5? 
Chisholm, Substation No. 1, Beeville. Texas. . . . . . . . . . . .  22 
Hastings Prolific, Substation No. 1,  Beeville. . . . . . . . . . . .  25 + 
Oklahoma White Wonder, Substat~on No. 1, Beeville, 
- .  I evas . . . . . . . . .  30+ 
Horen .  s;l;;<t-&&.Nb: .ii,.ljacb$;idehks: . . . . . . . . .  25 + 
1 H a s t ~ n g ~  Prol~Ec, Substation No. 11,. Nacogdoches, Texas 3? 
Oklahoma White Wonder, Suhstat~on No. 11, Nacoa- 
- 
doches, Texas.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2? 
Surcropper. Substation No. 11, Narogdoches, Texas. . . .  
2: + . . . . .  Chrisholm. Substation No. 11, Nacogdoches, Texas. 
Surcropper. Substation.No. 8, Iabbock, Texas..  . . . . . . . .  28 
. . .  Mexican June, Substation No. 16, Iowa Park, Texas.. 15 
hlexican June, Substation No. 16, Iowa Park, Texas. . . . .  22 + 
Hastings Prolific, Main Station Farm, Collcge Station, 
Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
Nacogdoches, Main Station Farm, College Station, Texas. 3? 
Surcropper, Main Station Farm, College Station, Texas. . 2? 
Oklahoma W h ~ t e  \fTonder, M a ~ n  S ta t~on  Farm, College 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Stat~on,  Texas 
Brazos White, Main Station Farm, College Station, Texas ?; 
. .  Chisholn~, Main Station Farm, College Station, Texas. 
-2:  Thomas Maln Station Farm College Statlon Texas 
~-iorton,'hlain Station ~ a r m , ' ~ o l l e g e  ~tation, '~exas'. ' . ' . '  : : 2 
Va. White Dent, Main Station Farm, College Station, Tex. 22 + 
Units 
vi tam~n A 
to one gram 
corn 
I n  the second test in which all four types were produced on the same 
ears the agreement in the ratio was not so close though quite evident. 
Also all types appeared to be lower in.vitamin A than the corresponding 
lot  in the first test. 
VARIATIONS DUE TO SEASON AND LOCALITY . 
It is evident from examination of Tables 8, 9, and 10, that the season 
has some effect upon the vitamin A content of corn. Both the yellow 
corn (Table 8)  and the red corn (Table 10) contained more vitamin A 
in  1928 than in 1927, and more in  1927 than in 1926. The differences 
were large in  corn from some places and small at  others. 
Some influence of the locality is also apparent. Yellow corn grown 
a t  Angleton contained (Table 8) less vitamin A than that grown in 
other localities, in all three seasons. This difference is not so apparent 
with the red corn. The yellow corn and the red corn grown a t  Nacog- 
doches (one season) contained about the same amount as that a t  Angle- 
ton. Corn grown a t  Lubbock was a little low in, vitamin A in the 
yellow variety one season, a little leas than the average in  the yellow 
variety one season, and low in  the red variety one season. Consistent 
relations between the amounts of vitamin A in the corn and the locality 
in which i t  was grown are difficult to trace. The differences observed 
may be partly due to  seasonal conditions, and partly to cross pollination. 
Table 12.-Units of vitamin A in relation t o  genetic factors for endosperm color in corn. 
I I I I I I ( XT,-. I C r n m c  t'nr I TTni tc  
Seed parent' Pollen parent Color in one 
endosperm 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - ~  
1928 
30218 Yellow Den t . .  . . . . . . . . . . . . . . . . . . . . .  Yellow D e n t . .  . . . . . . . . . . . . . . . . . .  Deep yellow.. . . . . . .  3 
30'219 Yellow D e n t . .  . . . . . . . . . . . . . . . . . . . . .  Surcropper. Dilute yellow.. . . . . . .  2 . . . . . . . . . . . . . . . . . . . . .  
30220 Surcropper.. . . . . . . . . . . . . . . . . . . . . . .  Yellow Dent Pale yellow.. . . . . . . . .  1 . . . . . . . . . . . . . . . . . . . . .  
30221 Surcropper. . . . . . . . . . . . . . . . . . . . . . . .  Surcropper. . . . . . . . . . . . . . . . . . . . . .  White.. . . . . . . . . . . . . .  0 
3022'2 Yellow Dent X Surcropper. . . . . . . . . .  Yellow Dent X Surcropper. . . . . . . .  Deep yellow. . . . . . . . .  3 
30223 Yellow Dent  X Surcropper. . . . . . . . . .  Yellow Dent  X Surcropper. . . . . . . .  Dilute and pale yellow 1 and 2 
30'L'LZ Yellow Dent X Surcropper. Yellow Dent X Surcropper. 0 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  
1929 
Yellow D e n t . .  . . . . . . . . . . . . . . . . . . . .  Yel!ow Den t . .  . . . . . . . . . . . . . . . . . . .  Deep yellow. . . . . . . . . .  3 
Yellow Den t . .  . . . . . . . . . . . . . . . . . . . . .  Surcropper.. . . . . . . . . . . . . . . . . . . . . .  Dilute yellow.. . . . . . .  2 
. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  Surcropper. Yellow Den t .  Pale yellow.. . . . . . . . .  1 
Surcropper . . . . . . . . . . . . . . . . . . . . . . . .  Surcropper . . . . . . . . . .  : . . . . . . . . . . .  White. . . . . . . . . . . . . . .  0 
Yellow Dent X Surcropper. . . . . . . . . .  Yellow I>ent X Surcropper..  . . . . . .  Deep yellow. . . . . . . . .  3 
Yellow Dent X Surcropper. . . . . . . . . .  Yellow Dent  X Surcropper. . . . . . . .  Dilute ellow 2 
Yellow Dent X Surcropper. . . . . . . .  Yellow Dent  X Surcropper. . . . . . .  Pale yeylow. . : : : : : : : : 1 
Yellow Dent X Surcroyper. . . . . . . . . .  Yellow Dent  X Surcropper. . . . . . . .  White..  0 . . . . . . . . . . . . .  
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CORN MEAL AND HOMINY FEED 
I n  the manufacture of corn meal for human use or for animal feed- 
ing, the corn is ground and part of the bran and germ removed. The 
process varies, so that corn meal may range in character from a meal 
containing nearly all the grain, with little bran or germ removed, to a 
highly purified meal containing 'little bran or germ. The meal contain- 
ing little bran or germ is usually considered to be of higher commercial 
quality than the other, and sells for a slightly higher price. Corn meal 
for human use is usually made from white corn in the South, but in the 
North it is frequently made from yellow corn. The use of yellow corn 
meal as a human food on account of its content of vitamin A would no 
doubt be desirable in many parts of the South, particularly for tL--- 
who live upon a restricted diet. 
Since corn meal is made chiefly from the endosperm of corn, anc 
endosperm of yellow corn is rich in  vitamin A, yellow corn meal sh 
likewise be well supplied with vitamin A. 
Tests for vitamin A in corn meal are given in Table 13. Vitamin 
the first two lots (white corn) was determined by the ration met 
There appear to be larger amounts of vitamin A in the corn meal 
in the corn or corn bran or hominy feed. 






Vitamin A in  the second lot (yellow corn) mas determined by the 
unit method. There seems to be less vitamin A in the ineal than in the 
corn, but the yellow corn meal is well supplied with vitamin A. 
---A- -Ap--- 
White corn meal, unbolted (Palestine) . . . . .  
Pearl meal from the above.. .............. 
Corn bran from the above..  . . . . . . . . . . . . . .  
White corn (Dallas).. . . . . . . . . . . . . . . . . . . . . . . . .  
Pearl meal from the above,. . . . . . . . . . . . . . .  
La France meal from the above. . . . . . . . . . .  
Hominy fee:! from thc above.. . . . . . . . . . . . .  
3099.5 Golden corn meal..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
30996 Yellow granulated corn meal.. . . . . . . . . . . . . . . . . . . . . . . . .  
30997 Yellow corn, Illinois. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
30998 Yellow hominy feed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COMPOSITION OF' CORN 
. It is known that the chemical composition of corn varies to some 
extent according to conditions. By proper selection, corn can be grown 
which is high or low in protein or high or low in fat. According to 
Pendleton (9) ,  fertilization with nitrate of soda had little effect on the 
composition of the grain of corn on Iowa soils. Delwiche and Totting- 
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In, Wisconsin, to vary from 9.4 to 13.8 per cent, with an average 
rence of 0.4 per cent of protein in favor of Ashland. This difference 
ite small. 
le composition of the corn used in the experiments is given in Table 
. Averages are given by varieties and by localities in Tables 15 and 
16. No significant variation by varieties is observed. The. most sig- 
nificant variation is in the protein content of the corn grown in different 
localities. 
Variation in Protein 
The significant figures as related to protein are assembled in Table 17. 
The substations are arranged in order according to the average protein 
content of the corn, beginning with the lowest. The figures for 1926, 
1927, and 1928 are averaged for several varieties for each substation, but 
for 1929 there is only one variety, except in case of Temple, for which 
there are two. The rainfall is also given. 
The results from the various localities are reasonably concordant, 
though wide deviations are to be found some years. The corn grown 
at Nacogdoches in 1928 contained 4 per cent more protein than that 
grown in other years. The corn grown at  College Station decreased 
regularly in protein content, from 12.56 to 9.53 per cent, in the four 
years. The corn at Denton contained 1 per cent more protein than the 
average in 1928, and that from Beeville, 1 per cent more in 1928 and 1 
per cent less in 1926. I n  spite of these deviations, the protein content 
of corn is reasonably constant at  a given locality. 
It is a question how much of the variations shown are due to soil and 
how much to climatic conditions. It is well known that the composition 
of cotton seed varies in different sections, containing more protein and 
less fat in dry sections than in humid sections. It is possible that 
simi1a.r relations exist with reference to the protein of corn and grain 
sorghums. The correlation coefficient for protein in  corn and rainfall 
(Table 1'7,) is - 376 -t- .O72. This is a significant correlation. 
Variation in Minerals 
The lime, magnesia, phosphoric acid, and insoluble ash content of 
some of the samples of corn grown in 1925 is shown in Table 18. The 
average lime content was slightly lower in  the corn from Iowa Park, 
Beeville, and Angleton, than in that from the other substations. The 
magnesia was fairly uniform. The phosphoric acid was lower i n  corn 
from Beeville and Nacogdoches than in that from the other stations. 





-  -  - - 
Nitrogen- 
Protein Ether Crude free Water Ash 
extract fiber extract 
----- ---- ---- --- ---- ---- 
Where grown and variety 
Substation No. 3, Angleton, Texas. 
Chisholm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  I-lastings Prolific. 
Brazos White. . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Oklahoma White Wonder.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l'uxpan 
\'irginia M'hite Den t . .  . . . . . . . . . . . . . . . . . .  
Snrcroppcr . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  Fcntmss S trawherry 
. . . . . . . . . . . . . . . . .  Ferguson Yellow Dent .  
'Thomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Substation No. 1, Beeville, Texas. 
Chisholm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surrropper . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rcese's Drouth Resister.. . . . . . . . . . . . . . . .  
I-Iorton Corn. . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma V'hite Wonder..  . . . . . . . . . . . . . .  
I Iastings Prolific. . . . . . . . . . . . . . . . . . . . . . .  
Fentress Strawberry..  . . . . . . . . . . . . . . . . . .  
Perguson Yellow Dent .  . . . . . . . . . . . . . . . . . .  
Su1~st.ation P.:o 4, Beaumont, Texas. 
' l 'uxpan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I'crguson Yellow Dent .  . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chisholm. 
Hastinqs IJrolific.. . . . . . . . . . . . . . . . . . . . . .  
Surcroi>per. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I'entress Strawberry.. . . . . . . . . . . . . . . . . . .  
Thomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Main Station Farm, College Station, Texas. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Strawberry. 
Jierguson Yellow Den t . .  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chisholm. 
Substation No. 6, Denton, Texas. 
Thomas 12.37 3.46 2.29 1 70.46 9.97 1.45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oltlahoma White. 12.24 4.38 2.27 70.85 8.79 1.47 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fcrgu son Yellow Dent 12.72 4.5.3 F.23 70.72 8.32 1.48 
Sl~rcropper..  12.80 4.59 2.32 69.73 $1. 06 1.50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13100dy Butcher 12.80 4.60 F.20 70.32 8.65 1.43 
Chisholm.. 12.73 4.62 2.12 71.00 8.09 1.44 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Strawberry 13.69 4.74 2.34 69.3,; 8 .35 1 .55 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Brazos White 12.81 4.57 2.21 70.57 8.27 1.54 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
--- 
1926-Average-8 12.77 4.44 2.25 70.35 8.69 1.48 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Substation No. 8, Lubboclr, Texas. 
Mexican June . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fentress Strawberry.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'Thomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chisholm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ploneer or Squaw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferguson Yellow Dent . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dwarf Mexican June. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Silvermine.. . . . . . . . . . . . . . . . . .  :. . . . . . . . . . . . . . . . . . . . . . . .  
- 
1926-Average-9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Substation No. 16, Iowa Park, Texas. 
Surcroppcr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fentress Strawberry.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Elorton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferguson Yellow Dent . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mexican June 
Chisholm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- 1 1926-Average-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Substation No. 11, Nacogdoches, Texas. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Yellow Dent . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rrazos White 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Elorton 
Fcntress Strawberry.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T-Iostings Prolific.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oltlahoma White.. 
Blue Grain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surcropper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Thodas  
Chisholm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nacogdoches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-. 






extract 1 fiber 1 e::::ct Where grown and variety Protein 
Substation No : 2. Troup. Texas . 
. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  Hastings Prolific : 
Ferguson Ye!low Dent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Surcropper 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bloody Butcher 
Fcntress Strawberry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma White Wonder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chisholm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Thomas 
Substation No . 3.  Angleton. Texas . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fentress Strawberry 
Ferguson Yellow Dent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  Hastings Prolllic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 
Olzlahoma W h ~ t e  Wonder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chisholm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Surcropper 
Substation No . 1. Beeville. Texas . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fentress Strawberry 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ferguson Yellow Dent 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Surcropper 
c.hisholm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. ................................... Hastings Pml'fic 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Vklahoma m7hite Wonder 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1927-Average-6 
Main Station Farm, Collcge Station . Texas . 
Strawberry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I-lastinqs Prolific . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ a c o ~ h o c h e s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Surcropper 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M'hi te Wonder 
. . . . . . . . . . . .  Rrazos White . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 
Chisholm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ferguson Yellow Dent 
Horton .......,........................,.,........... 
White Dent ........................................ 
Yellow corn-No analysis.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
................................ 1927-Average-11 
Substation No. 6, Denton, Texas. 
Surcropper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ferguson Yellow Dent.. 
Substation No. 16, Iowa Park, Texas. 
Oklahoma Yellow Dent..  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mexican June . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Substation No. 8, Lubbock, Texas. 
Surcropper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferguson Yellow Dent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fentress Strawberry.. 
Substation No. 11, Nacogdoches, Texas. 
Fentress Strawberry.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hastings Prolific.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma M'hite Wonder.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Surrropper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chisholm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ferguson Yellow Dent . .  
Substation No. 2, Troup, Texas. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hastings Prolific 
Ferguson Yellow Dent .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chisholm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fentress Strawberry.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Surcropper 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Oklahoma White Wonder.. 
Substation No. 3, Angleton, Texas. 
Yellow Creole.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ferguson Ye!low Dent. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fentress Strawberry. 










































free wa te r  
extract 
Where grown and variety Crude 
fiber 
Substation No. 1. Reeville, Texas. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Nicholson's Giant Yellow.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wood's Golden Harvest. 
Rruter's Improved Golden Dent. . . . . . . . . . . . . . . . . . . . . . .  
Ferguson Yellow Dent.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fentress Strawberry.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  nloody Butcher 
Substation No. 12, Chillirothe, Texas. 
Llrcropper.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  12.27 1 4.61 
Main Station Farm, College Station, Texas. 
Yellow Creole.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.76 4.01 
Ferguson Yellow Dent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.01 4.15 
---- -- 
1928-Average-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.89 4.08 
Substation No. 6, Denton, Texas. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Strawberry 
Bloody Butcher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
\?right Yellow Dent . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pllgrlm Yellow Dent . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Substation No. 16, Iowa Park, Texas. 
Bloody Butcher.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.90 
Oklahoma Yellow Dent..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.92 
Ferguson Yellow Dent..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.95 
-- 
1928-Average-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.93 
Substation No. 11, Nacogdoches, Texas. 
Yellow Creole. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  12.22 1 4.78 
Substation No. 5, Temple, Texas. 
Yellow Dent. 10.53 3.91 
Bloody Butcher 10.29 4.25 









1 . 5  2 
1 .39 0 
1.42 














































































































Substation No.' 2, Troup, Texas. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fentress Strawberry. 
Giant Yellow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Golden Harvest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Reuter's Improved Golden. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ferguson Yellow Dent..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1928-Average-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Substation No. 15, ~'eslaco, Texas. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ferquson Yellow Dent..  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Yeliow Creole. 
Fentress Strawberry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Improved Golden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  





















































































































Location and number of substation 
- - -  
Angleton, No 3 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Beaumont, No. 4 . .  
Recville, No, 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
College ( M a n  Station). . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Denton, No. 6 .  
I ~ ~ b b o c k ,  No. 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Iowa Park, No. 16 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Nacogdoches, No. 11. . . . . . . . . . . . . . . . . . . . . . . . .  
Troup, No. 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Angleton, No. 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Reeville No 1 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
college i ~ a i n  Station). . . . . . . . . . . . . . . . . . . . . . . .  
Denton No. 6 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iowa &rk, No. 16.. . . . . . . . . . . . . . . . . . . . . . . . . .  
Lubbock, No. 8 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nacoqdoches No. 11. . . . . . . . . . . . . . . . . . . . . . . . . .  
Troup, NO. i .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Angleton, No. 3 .  
Eeeville No 1 . . . . . . . . . . . . . . . . . . . .  
chillicothe NO: '12 '.'.: : : : : . . . . . . . . . . . . . . . . . . . .  
College ( ~ a i n  station) . . . . . . . . . . . . . . . . . . . . . . .  
c en ton, No. 6 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iowa Park, No. 16 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Nacogdoches, No. 11. . . . . . . . . . . . . . . . . . . . . . . . . .  
Temple, No. 5 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Troup, No. 2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  






























































































Ferguson Yellow Dent. ....................... 
.................................. Surcropper 
Fentress Strawberry.. ........................ 
Thomas ................................... 
Hastings Prolific.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma White Wonder.. . . . . . . . . . . . . . . . . . . .  
Brazos White.. .............................. 
...................................... Horton 
Mexican June. ............................... 
Bloody Butcher.. ............................ 
............................. Yellow Creole.. 
Location 
........................... Beaumont.No.4 
Nacogdockes, No. 11. ....................... 
Angleton, No. 3 . .  .......................... 
Troup, No. 2.. . ............................ 
Temple. No. 5. ............................ 
Weslaco, No. 15.. . ........................ 
.............. College Station (Main Station). 
Lubbock, No. 8.. . ......................... 
Denton, No. 6 .  ............................ 
.................... Chillicothe No 12 
Iowa. park: NO: 16:: : : : .................... 
























Rainfall in inches. 






































































































































































VARIATIONS IN VITAMIN A AND CHEMICAL COMPOSITION OF CORN 43 
lo. 
Table 18.-Mineral composition of corn, 1926. 
Iron 
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. . . . . . . .  
. . . . . . . .  
. . . . . . . .  
-
.... . . . .  
. . . . . . . .  
. . . ..... 
. . . . . . . .  
. . . . . . . .  
. . . . . . . .  
........ 
. . . . . . . .  
. . . . . . . .  
. . . . . . . .  
-- 
........ 
. . . . . . . .  
. . . . . . - .  
......-. 
. . . . . . . .  
. . . . . . . .  
. . . . . . . .  
. . . . . . - .  
. . . . . . . .  
. . . . . . . .  
. . . . . . . .  



















. . . . . . . .  
. . . . . . . .  
. . . . . . . .  
........ 
. . . . . . . .  
. . . . . . . .  
. . . . . . . .  
---- 
... . . . . .  
Phos- 









































. . . . . . . .  
........ 













- - - -  
.20 
.20 













































































































Where grown and variety 
.- 
Substation No. 16, Iowa Park, Texas. 
Fentrcss Strawberry. . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  Horton.. 
Ferguson Yellow Dent. ......... 
Mexican June. .  ................ 
..................... Chisholm. 
................. Average (5). 
Substation No. 1, Beeville, Texas. 
..................... Chisholm 
Surcropper. ................... 
Reese's Drouth Resister.. ....... 
Horton.. . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma White Wonder..  . . . . .  
I-Iastings Prolific. . . . . . . . . . . . . . .  
Fentress Strawberry. . . . . . . . . . . .  
Ferguson Yellow Dent. . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  Thomas. 
Average (9). . . . . . . . . . . . . . . . . .  
Substation No. 11, Nacogdoches, Tex. 
Yellow Dent..  . . . . . . . . . . . . . . . . .  
Rrazos White.. . . . . . . . . . . . . . . . .  
....................... I Jorton. 
Fentress Strawberry. ........... 
Hastings Prolific.. . . . . . . . . . . . . .  
Oklahoma White. .............. 





Average (1 1) ................ 
Substation No. 2, Troup, Texas. 
Hastings Prolific. . . . . . . . . . . . . . .  
Ferguson Yellow Dent. ......... 
Surcropper . . . . . . . . . . . . . . . . . . . .  
Bloody Butcher. . . . . . . . . . . . . . . .  
Fentress Strawberry. . . . . . . . . . . .  
Oklahoma White Wonder.. . . . . . .  
.................... Chisholm.. 
...................... Thomas. 
Average (8) ................. 
Substation No. 6, Denton, Texas. 
Oklahoma White Wonder.. ...... 
Local Squaw.. ................. 
.................... Surcropper 
Bloody Butcher.. ....,......... 
Chisholm.. .................... 
Strawberry. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  Brazos White. 
................. Average (7). 
Substation No. 4. Beaumont, Texas. 
...................... Tuxpan. 
Ferguson Yellow Dent. ......... 
..................... Chisholm. 
Hastings Prolific. . . . . . . . . . . . . . .  
Surcropper . . . . . . . . . . . . . . . . . . . .  
Fentress Strawberry. ........... 
...................... Thomas. 


























































44 BULLETIN NO. 422, TEXAS AGRICULTURAL EXPERIMENT STATION 
Table 18.-Mineral composition of corn, 1926-Continued. 
ACKNOWLEDGMENT 
The feeding and care of the rats, and other work in connection wii 
the assay for vitamin A was chiefly done, by Messrs. R. 0. Brooke, H. , 
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made of the co-operation of Mr. R. E. Karper, in furnishing samples, 
and Dr. P. C. Mangelsdorf, in preparing and furnishing corn wit.h 
definite genetic factors. Other members of the Division of Chemir 
and other Divisions of the Agricultural Experiment Station gave 









The diet of man and animals should furnish sufficient energy, pro- 
teins, vitamins, and minerals such as phosphoric acid, lime, magnesia, 
soda, chlorine, iron, copper, iodine, and fluorine. Deficiencies in diet 
may cause retardation of growth in young animals or deficient produc- 
tion of milk, eggs, etc., or diminished health or vigor, or diseases such 
as xerophthalmia, anemia, rickets, pellagra, or goiter. 
Vitamins are organic compounds which are present in small amounts 
in foods and are essential to the health of animals. The various vitamins 
are briefly discussed. 
Vitamin A is an organic compound essential in very small amounts 
to animal life. It is found in such foods as green vegetables, butter 
and corn; it is much more abundant in yellow corn than in white corn. 
Where grown and variety 
-- 
Substation No. 3, Angleton, Texas. 
Hastings Prolific. . . . . . . . . . . . . . .  
Rrazos White. . . . . . . . . . . . . . . . . .  
. . . . . .  Oklahoma White Wonder. 
. . . . . . . . . . . . . . . . . . . . . . .  Tuxpan 
. . . . . . . . . . . . . . . . . . . . . .  Thomas. 
Average (5) . . . . . . . . . . . . . . . . .  
The quantity of vitamin A in foods is measured by experiments on 
animals, especially rats. 
Methods of care and breeding of rats are described. Selection " 
rats resulted in a decided increase in uniformity. 
Two methods of estimating vitamin A were tested. The unit met1 
(Sherman-Munsell) was found to be much superior to the ration meth 
Vitamin A was estimated in 20 samples of Ferguson yellow dent cc 
grown in 11 different localities and during three seasons, and in 
samples of other varieties of yellow corn grown in various localit 
They contained about the same amount of vitamin A, one gram c 
taining 2.5 to 8 units. 
Iron 
. . . . . . . .  
. . . . . . . .  
. . . .  
. . . .  
. . . .  














































Varieties of variegated and of red corn tested (18 samples) were 
Fentress Strawberry and Bloody Butcher. One gram of Strawberry 
corn contained 0.9 to 2.9 units of vitamin A while one gram of the 
Bloody Butcher contained 1.8 to 2.5 units. Both varieties contained 
less vitamin A than yellow corn a d  were more variable. 
The yellow and the red and the variegated corn grown in 1928 con- 
tained the most vitamin A, that in 1927' came next, and that grown in 
1926 contained the lowest amount. 
White corn contained so little vitamin A that the amount could be 
estimated only approximately. It usually contained only one unit in 
25 to 35 grams (or more) of corn. A few samples contained a unit in 
2 to 5 grams, probably due to crossing with yellow corn. . 
The units of vitamin A in crosses of white and of yellow corn were 
approximately in proportion to the number of genetic factors present 
for the yellow endosperm. Samples of corn from mixed pollination 
aining the yellow genetic factor 1 :2 :3 contained vitamin A in  the 
jortions 2.5:5 :'? in 1928 and 2:5 :8 in  1929. Segregations from a 
;e and a yellow corn contained less vitamin A for the correspond- 
number of genetic factors than the seed from the mixed pollinations, 
the ratios were approximately the same. 
ellow corn and yellow corn meal are rich in  vitamin A. 
ifferent varieties of corn showed no significant variation in content 
UJ. potein, fat, nitrogen-free extract, ash, lime, magnesia, or phosphoric 
acid. 
Corn grown in different localities showed variations in  lime and 
phosphoric acid, and especially in  the protein content. 
Corn grown near Beaumont was lowest in protein and that near Bee- 
le was highest. The correlation of protein with rainfall was 
0.5% 6 -0'72, which is a significant relation. 
The average lime content was slightly lower in  corn grown at  Iowa 
rk, Beeville, and Angleton than at the other localities. 
The phosphoric acid was slightly lower in  the corn from Beeville and 
tcogdoches than from the other places. 
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